Introduction
Serological studies by Sutcliffe, Brock, Nicholson & Dunn (1978) revealed a protein in human amniotic fluid which is also detectable in the uterus of pregnant women. This protein, designated a2-uterine protein (AUP), appears to be a tissue-specific protein within the sensitivity limits of antibody-antigen crossed electrophoresis (AACE) methods because it cannot be detected in saline extracts of normal human male tissues. This raises the possibility that AUP may serve as a specific protein marker in the study of uterine dysfunction and its diagnosis, provided that it can be readily assayed in fluids such as serum, uterine fluid or cervical mucus. However, AUP is not detectable by AACE in the serum of the mother or of non-pregnant women and a sensitive radioimmunoassay is therefore needed before the clinical significance of the protein can be determined and its tissue specificity characterized. The present paper describes the purification and subunit structure of AUP.
Materials and Methods
Anti-AUP Sepharose. Rabbit anti-AUP was raised by injecting rabbits with a tissue-protein fraction obtained from second trimester human amniotic fluid (see Sutcliffe et al, 1978) . After solution adsorption of this antiserum with serum from adult men, rabbit immunoglobulin was Affinity chromatography. AUP was purified from an aqueous extract of uterine decidua by antibody affinity chromatography, followed by ion-exchange chromatography and gel filtration. A specimen of human decidua (710 mg wet weight) was obtained from a termination of pregnancy by hysterotomy at 11 weeks of gestation, was homogenized in 2 volumes of phosphate-buffered saline (PBS: 0-16 M-NaCl + 5 mM-potassium phosphate, pH 7-5) and was centrifuged at 15 000 g for 20 min. This yielded a final soluble protein concentration of 14-6 mg/ml. An aliquot (0-2 ml) was applied to the immunosorbent column and was washed through in PBS at 40 ml/h at 4°C. The protein which emerged from the column was monitored spectrophotometrically at 280 nm and washing was continued until the absorbance fell to background levels. Protein which was still bound to the immunosorbent was eluted by washing with 2-0 m-KI, 50 mM-Tris (pH for 1 h at a flow rate of 120 ml/h at 4°C. This procedure was repeated 14 times and the eluted material was stored at -20°C before being pooled into a final volume of 1-68 1 and being dialysed against two changes, each of 5 1 of 10 mM-potassium phosphate, 50 mM-NaCl (pH 7-5) for 24 h, and then against three changes, each of 5 1, of 10 mM-potassium phosphate (pH 7-5) for 36 h, at 4°C. DEAE Sepharose chromatography and gel filtration. A 2-5 20 cm column of DEAE Sepharose (Pharmacia) was equilibrated with 10 mM-potassium phosphate (pH 7-8) at 4°C. The dialysed material which had been dissociated from the immunosorbent column was passed through the ion-exchange column at 68 ml/h and the unadsorbed protein was washed through in the same buffer. When the absorbance at 280 nm was at background level, a linear gradient was ôpplied to the column at 30 ml/h, starting with 500 ml 10 mM-potassium phosphate (pH 7-8), and ending with 500 ml 10 mM-potassium phosphate, 0-2 M-NaCl (pH 6-5). Fractions were collected (12/h) and tested for AUP and albumin by one-dimensional AACE. Fractions containing most of the AUP were pooled (107 ml) and concentrated by ultrafiltration at 4°C to a final volume of 4-5 ml using an Amicon PM 10 membrane (exclusion: 10 000). This material was concentrated 2-fold by freeze-drying and was applied with 0-3 mg blue dextran to a 0-9 48 cm column of G-150 Sephadex which had previously been equilibrated in PBS. Gel filtration was carried out with 5-6 ml PBS/h and 1-0 ml fractions were collected and assayed for AUP by one-dimensional AACE.
The calibration of the G-150 Sephadex column for molecular weight was carried out with pure proteins (Sigma Chemical Company). The proteins were: equine myoglobin (mol. wt = 17 000); bovine a-chymotrypsinogen-A (25 666); hog pepsin (35 000); bovine ß-lactoglobulin (36 800); hen ovalbumin (43 000); haemoglobin A (61986); and bovine serum albumin (68 000).
After gel-filtration of AUP the fraction containing the maximum concentration of AUP was freeze-dried, re-suspended in 60 ul PBS and a 10 µ aliquot was radioiodinated with 125I by the method of Hunter & Greenwood (1962) . After the iodination reaction, labelled protein was separated from unreacted radioiodide on a 0-9 10 cm Sephadex G-25 column.
Polyacrylamide gel electrophoresis. High pH, discontinuous 10% polyacrylamide tube gels (pH 8-9) were run using the method of Maizel (1971) . SDS-polyacrylamide slab gels (16 19 cm) were run according to the method of Marsden, Crombie & Subak-Sharpe (1976) but using a uniform 10% concentration of acrylamide in the resolving gel. Gels were stained with 0-2% Coomassie blue and were dried before autoradiography, which was carried out using Kodirex (Kodak) X-ray film. After electrophoresis and staining, the non-denaturing polyacrylamide tube gels were snap-frozen in liquid N2 and then sliced into 1 mm fractions, using a Mickle gel slicer (Gomshall, Surrey). 125I counts were detected by an LKB Ultragamma counter.
SDS-polyacrylamide tube gels were used to analyse 125I-labelled AUP after it had been extracted from precipitin arcs in AACE experiments. The 125I-labelled AUP (21 000 ct/sec) was added to 5 ul of unlabelled carrier AUP and subjected to AACE. The resultant AUP precipitin arc was detected autoradiographically, cut out with a scalpel and boiled in standard SDS extraction buffer (Maizel, 1971; Marsden et al, 1976 Fig.  3 ) and the G-150 elution pattern of 125I-labelled AUP was similar to that of unlabelled AUP. Analysis of the unfractionated tracer by SDS-polyacrylamide gel electrophoresis (Text- fig. 4) showed that it contained a single major protein component with a mobility identical to that of the 125I-labelled protein recovered from the AUP precipitin arc shown in PL 1, Fig. 3 . The molecular weight of this component was estimated in SDS slab gels to be between 23 000 and 25 000 (Text- fig. 5 ). The small quantity of material of larger molecular weight present in the unfractionated tracer could represent protein contaminants. However, the similarity between the major iodinated protein components in the unfractionated and in the immune precipitated AUP argues that the unfractionated protein is predominantly AUP. This conclusion is strengthened by the finding that 60-65% of the tracer could be immune precipitated using a specific anti-AUP antiserum ) and this percentage of immune precipitation was not inhibited by the addition of serum protein from adult men. Highly purified protein tracers (e.g. a-fetoprotein, carcinoembryonic antigen) usually show a maximum immune precipitation of 55-90% (Bolton & Glover, 1977) , the residual non-precipitated counts being accounted for by the kinetics of the reaction and more especially by chemical and radiolytic denaturation of the protein as a consequence of radioiodination.
The molecular weight of AUP before fractionation and after final purification was determined by G-150 chromatography as approximately 50 000 (Text- fig. 3 ), although this figure is an estimate since gel filtration is an empirical method of estimating molecular weights that takes no account of overall protein shape. However, it is clear that the molecular weight of the AUP polypeptide on SDS slab gel electrophoresis is less and lies in the region of 23 000-25 000 (Text-fig. 5 ). This indicates that AUP is a dimer which is composed of two similar or possibly identical polypeptide chains. fig. 4 . SDS-5% polyacrylamide tube gel electrophoresis of total I25I-labelled AUP tracer (A) and tracer extracted from AACE precipitin arcs (#). Bromophenol blue (B) was included in each run. The mobility of albumin (A) was estimated from a parallel run of whole human serum containing total 12!I-labelled AUP tracer. Correction has been made for differences in migration rate between the experiments (up to 12% as estimated from the bromophenol blue position).
There have been various reports of apparently uterine-specific proteins in rabbit and man (see Aitken, 1979 , for review). Krishnan & Daniel (1967) reported the presence of blastokinin in the rabbit uterus, at high concentration during the first week post coitum. This protein, which is also known as uteroglobin (Beier, 1968 (Beier, , 1974 and cone protein (Feigelson, 1976) , was thought to induce cavitation in rabbit blastocysts in vitro (Krishnan & Daniel, 1967) . Although this conclusion has been disputed by Maurer & Beier (1976) , blastokinin may still have some indirect embryotrophic effect, perhaps associated with its postulated role as a progesterone carrier (Beier, 1976; Beato, 1977) . Despite higher initial estimates by Krishan & Daniel (1968) , the molecular weight of blastokinin is now accepted to be approximately 15 000 by gel filtration (Kay & Feigelson, 1972; Daniel, 1976) . It is not clear whether a blastokinin also exists in the human uterus. Daniel (1973) has provided evidence that material in human uterine extracts cross-reacts with rabbit blastokinin, although the nature of the cross-reacting material was not PLATE 1
Figs 1 and 2. Tandem AACE to investigate the antigenic identity of AUP in amniotic fluid, decidua and endometrium. Samples of the antigens to be compared were placed in separate wells to the left-hand (cathodal) end of the first dimension gel. They were then subjected to electro¬ phoresis from left to right. The mobility of albumin in the respective samples is indicated by the two circles at the bottom right of the figures. After this step, the antibody gel was added for the 2nd dimension electrophoresis. In Fig. 1 , the antigens used were: left-hand (lower) well = 2nd trimester pooled amniotic fluid (120 µg protein in 20 ul), right-hand (upper) well = extract of decidua obtained from a termination of pregnancy at 11 weeks (1-8 µg protein in 5 µ ). In Fig. 2 characterized and the findings were not supported by Maathuis & Aitken (1978) . Roberts, Parker & Henderson (1976) (Sutcliffe et al, 1978) . It is not known whether the concentration is even higher during the first trimester, as material is hard to obtain at this time and the interpretation of results is complicated by the presence of the extra-embryonic coelom (Hamilton & Mossman, 1972) . Whatever the cause of these high levels early in pregnancy, the results suggest that AUP is of biological significance at an early stage of gestation.
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